Abstract:
Introduction
Couplers are components of extreme importance in optical communication systems. They are used to split the power of an optical channel /I/ (of a certain wavelength) or combine/split the power of different channels, corresponding to different wavelengths /2/ (wavelength division multiplexing (WDM) splitters/combiners). Recently, fibre and integrated-optic couplers have been combined with reflective Bragg gratings to provide add/drop multiplexers for WDM systems /3/. These devices depend on the exact position of the grating within the coupler waist relative to the points where the power is equally split between each individual waveguide (50-50% power points).
Methods for probing different parameters of directional couplers have been reported in the literature. Bourbin et al. /4/ reported a method for characterising couplers in planar waveguides that consists of inducing a small loss in one of the coupled waveguides only. The differential loss is induced to one of the waveguides by scanning a small mercury drop along its length and covering the other waveguide with a resist film to avoid contact with the mercury. In this way the coupling-constant profile can be extracted. Gnewuch et al. /5/ reported a method for measuring the heat-length of uniform couplers in buried planar waveguides that consists of inducing a local perturbation in one of the waveguides by heating it with an incident 980nm laser diode. To facilitate the 980nm radiation absorption by the transparent waveguides, a lpm thick layer of black ink was spin-coated onto the surface of the Waveguides.
In this paper we describe a new versatile method for non-destructive characterisation of fibre couplers. The method does not involve any post-fabrication treatment of the coupler. It consists of scanning a local perturbation along the coupler waist by heating it using the radiation of CO2 laser (or another heat source) to perturbe locally the lowest even and odd eigenmodes of the coupler. Firstly by applying a symmetric perturbation between the two lowestorder coupler eigenmodes, information about the waist uniformity along the coupler and tapered regions can be obtained. Secondly, by applying an asymmetric perturbation between the two lowest order eigenmodes, the complex power evolution along the entire coupling region can be measured. By controlling the asymmetricperturbation strength, the coupler waist shape can be mapped.
Description of the proposed technique
The basic principle of the proposed technique is illustrated in Fig. I . Light of the appropriate wavelength is launched in ports (#I or #2) and detected at the output ports (#3 and #4). The characterisation method consists in inducing a local perturbation along the coupling region and monitoring the change in power at the output ports (Fig.la) . The perturbing element induces a temperature gradient across the coupler waist. The temperature gradient (represented by the shaded area in Fig. 1 b) can be asymmetric or symmetric with respect to the power distribution of the even and odd eigenmodes of the coupler. Each configuration provides information about different coupler parameters. The method was studied using coupled mode theory. The even and the odd eigenmodes of the coupler are propagated along the coupler length with propagation constants P, and Po. The total phase difference between the propagating eigenmodes &(z)dz=S(P,-P,)dz gives the evolution of power along the coupler length. The perturbation of these modes at a certain position in the coupler is described by the well known coupled mode equations for two copropagating modes using self-coupling coefficients k,, and 16, and the cross-coupling coeficients CO and kc,e. These coefficients are proportional to the overlap integral between the refractive index change distribution due to the heat gradient and the coupler eigenmodes.
In the asymmetric configuration (see Fig.1 b) , both the cross-coupling and self-coupling coefficients are in general non-zero (k,,=k,,#O) and (k&k,, &O) respectively. Using a symmetric configuration (sec Fig. I b) , the cross-coupling coefficients are k,,=k,,=O and the self-coupling coefficients are in general k&k,,#O.
Using the transfer matrix method for slightly detuned couplers jApdz=nn+A&> (where AoL=O is the coupler phase detuning from the resonance condition), simplified expressions for the power change at the null-power output port can be found for both the asymmetric and symmetric configurations:
In ( I ) A$ includes the phase detuning of the coupler due to the self-coupling perturbation coefficients A4=A$L+(k,,-16")A.z and $(q)=jAO(z)dz with ZE [O, zO] is the total phase difference between the even and odd eigenmodes of the coupler from the beginning of the coupler to the position q where the coupler is perturbed. The power evolution along the coupler can be monitored using an asymmetric perturbation. It is easily shown that the maxima of APd,ym correspond to the positions along the coupler where the power is equally split (SO-SO% points) or equivalently, where fA~(z)dz=n12+nn (n=0, 1 .. . depends on the number of cycles of the coupler).
The power change at the output port due to a symmetric perturbation of the coupler waist (Eqn.2) is proportional to the difference of the self-coupling coefficients k,,(z)-k,,(z) along the coupler length. For a given perturbation this difference is shown to be linearly proportional to the coupler waist diameter. Symmetric perturbation results can then be used to accurately map the coupler waist and coupling constant profile.
Experimental results
Experimentally we show the characterisation of a halfcycle coupler (Fig.2) and a full-cycle coupler (Fig 3 ) using both the symmetric and asymmetric contigurations. The couplers where fabricated using the flame-brush technique with a uniform waist length of L=30mm and a c r o w coupling wavelength around 1.55pm. The total length of the couplers including the tapered regions was 107mm and I 1 Omm respectively. The perturbation was obtained by scanning an unfocused CO2 laser beam along the coupler length. The laser beam power was lO0mW and it was modulated at a frequency of 500Hz. The fibre was rotated by 90" in order to switch between the asymmetric and symmetric configurations. Light from a DFB-LD at 1.SSpm was launched into port#] and monitored at the low-power output port using a detector and a lock-in amplifier to pick-up the modulated signal Coupler position (mm)
Figure 2: Characterisation of a half-cycle coupler using a local perturbation in both an asymmetric and symmetric configuration. The asymmetric perturbation was fitted using the symmetric perturbation data.
The characterisation of a half-cycle coupler is shown in Fig.2 . The change in the port power due to the symmetric perturbation was normalised to K and used as the coupling profile, k(z), to fit theoretically the asymmetric perturbation data. The asymmetric perturbation follows the power distribution along the coupler length and its maximum corresponds to the 50-50% point of the coupler. The agreement between the experimental data and theoretical fit was very good. Fig.3 illustrates the characterisation of a full-cycle coupler. The symmetric perturbation was normalised to 271 and used as the coupling profile to fit the asymmetric perturbation data showing again a good fit.
-__ -__ --__ --_i -I __ . The asymmetric perturbation has two extreme values (these appear in Fig.3 as minima due to the signal being inverted). The difference in these peak heights along the coupler can be due to small variations of the coupler-waist radius. Such variation is also shown in the symmetric perturbation trace.
